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I n t r o d u c t i o n 
Fatty acids and phospholipids are an essent ia l 
components of nearly a l l compounds embraced by the 
term l ip id . From early 1950*s the most significant 
advances in the f ie ld of l ipid research have been the 
discovery of naturally occuring fat ty acids and phos-
pholipids. Oils and f a t s are widely dis t r ibuted in 
nature, mostly in the form of t r iacyglycerols , which 
abundantly contain common long chain fa t ty acids such 
as laur ic , palmitic, s t e a r i c , o le ic , l ino le ic , l inolenic 
etc* A large number of uncoimnon fa t ty acids such as 
those containing epoxy, hydroxy, keto, furanoid, cyc lo-
propene, cyclopropane, conjugated, o le f in ic , acetylenic , 
enynic, groups e t c . are also known as components of t r i -
acylglycerol. I t i s well known that the natural ly occu-
r ing fa t ty acid der iva t ives play an important ro l e in 
the l i f e process of p lan ts and animals. In recent 
years a great in t e res t has developed in the synthesis 
and evaluation of new fatty acids der ivat ives towards 
t h e i r possible industrial u t i l i z a t i o n and i n s e c t i c i d a l 
and antimicrobial a c i t i v i t i e s . Keeping in view the 
ro le of fat ty acids and their d e r i v a t i v e s , the present 
d i s ser ta t ion i s an attempt to compile the l i t era ture 
of cyclopropenoid and oxygenated f a t t y acids and phos-
phol ipids and the synthesis of some new fat ty acid 
der ivat ives containing nitrogen and sulphur heteroatoms 
Cvclopropenold Fattv Acids : 
In 1952, Nun f i r s t i so lated the cyclopropenoid f a t t y 
acids (CPFA) from Stercu l ia foet ida (Sterculiaceae) o i l 
and named stercul ic (9,lO-methylene octadec-9-enoic) acid 
( i ) , CPFA have been found to show numerous phys io log ica l 
disorders in animals and t h i s fac t lead to develop the 
knowledge of i t s quantitat ion in seed g lycer ides . 
The l»2-disub5tituted cyclopropene function occurs 
in fa t ty acid chain of l i p i d s from certa in plants belonging 
to the order Malvales (Malvacea* Stercul iacea , T i l iacea 
,1a, 2 
and Bombacaceae f a m i l i e s ; , and cotton seed o i l being the 
most common. Malvalie (8,9-methylene heptadec-8-enoic) 
acid ( i i ) i s a CPFA cosqponent of cotton seed o i l t r i g l y c e -
3 4 
r ides , which was f i r s t characterised by Mac Far lane sL Ak 
as a hoBologue of s t ercu l i c acid. Both acid, v i z , , S t e r -
c u l i c and Malvalie often occur together and soDie times 
may be accompanied by small amount of the ir hydroxy d e r i v a -
t i v e s . In general the quantity of s t e r c u l i c acid pre -
dominates in the Malvaceae seed o i l s . 
: 2 : 
CH3-(CH2)7-C = JC-(CH2)7-C0CH 
'2 
Sterculic acid (i) 
CH3-(CH2)7-C » C-(CH2)^-CX>0H 
CHg 
Malvallc acid (ii) 
The two other cyclopropenoid acids have been d i s -
cover ed» are D-2-hydroxysterculic acid ( i i i ) in the seed 
o i l of Pachira insiams (Bombacaceae) and sterculynic 
(8,9-methyleneoctadec-8-ene-17-ynoic) acid ( iv) in the 
seed o i l of Stercul ia alata (Stercul iaceae) . 
CH 
CH3-(CH2)7-C = X;-(CH2)^-<!«-C00H Y 
D-2-hydroxysterculic acid ( i i i ) 
HC S C-iCtiJy-C = C-(CH«).-CO0H 
V 
sterculynic acid ( iv ) 
7 
Raju and Reiser repor ted evidance for a CIYA with a 
GLC r e t e n t i o n time s h o r t e r than malval ic acid in Al theca 
o 
rosea (Malvaceae) seed oil. Johnson e^ . ^  showed the 
occurance of C,^ cyclopropenes in the fruits of certain 
9 
Malva species. According to Madrigal and Smith , 
Pavonia seoium seed oil is being the first of the family 
Malvaceae in which the content of sterculic acid was ob*-
served to be greater than of nalvalic acid. The reported 
content of malvalic acid (25.8^) to be greater than 
sterculic acid (6.0%) in E;riolaena hoolceriana seed oil. 
Among the recent and comprehensive additions to the litera-
11 12 ture of CFFA has been by Rao and Jee from Malvaceae. 
13 Kallappam has found the co-occuxance of unusual fatty 
acid like ricinoleic acid and CFFA (malvalic 4.99^  and 
sterculic acid 3.^) along with other normal fatty acid 
in Anoaiessus latifolia seed oil, belongs to family Combre-
14 
taceae. Sterculia roxburahii seed oil has also been to 
15 
contain CPFA. Cassia seed oils has also been reported 
to contain CPFA along with epoxy acid. CPFA were first 
l6 IT 
repor ted t o be carcinogenic * and then demonstrated t o 
18 be Carcinogenic . I t was r epor ted t h a t CFFA decreased 
the l e v e l s of microsomal cytochrome P-450 . Recently 
t he se e f f ec t s and t h e i r underlying cause have been 
20 
reviewed • The quant i tat ion of CPFA i s of great 
importance because of t h e i r b io log ica l e f f e c t s . 
The following methods are used in quantitation of 
CPFA : 
HaJrPhen \e^\^^ : 
It is well known that CFFA containing seed oil give 
22 
red orange colour with halphen reagent. Zahorsky ^ j ^ 
established the structure of the colored confounds formed 
by cyclopropene ring with halphene reagent* The Halphen 
reaction involves formation of chromegen that i s measured 
colorimetrically for quant i tat ive analysis of CPFA by 
using 1% solution of sulphur in carbon-disulphide» which 
react with the cyclopropene r ing. Further, par t i c ipat ion 
of CPFA in the T o r t e l l i - J a f f i re, 
blue colour i s also es tab l i shed . 
action^^ bromine produced 
HBr-titratioyi : 
The method i s widely used for the quantitation of 
CPFA in seed o i l . HBr-titration^^ dea l s a quant i tat ion 
reaction of CPFA with HBr. 
Feuge ej^ ^  used, 4-phenylazodiphenyl amine as a 
colour Ind ica to r In an improved method. Zeringue and 
Feuge employed a potent iometr ic t i t r a t i o n for HBr-
t i t r a t i o n . 
Gas-LiQuid Chromatoaraphv (GLC) t 
There a re two bas ic GLC techn iques used in t he CPFA 
q u a n t i t a t i o n : ( i ) Direct GLC of CPFA, and ( i i ) GLC of 
27 CPFA d e r i v a t i v e s . Recourt and co-workers used a d i r e c t 
GLC technique for t he ana lys i s of methyl e s t e r s of CPFA 
and repor ted t h a t CPFA tend to decompose and isomerize 
28 29 
as they pass through GLC column • F i she r and Schu l l e r 
repor ted a method for t he ana ly s i s of CPFA with a g l a s s 
column packed with a methyl s i l i c o n s u b s t r a t e on an inne r 
support and concluded t h a t methyl s t u r c u l a t e and methyl 
malvala te can be chroaatographed wi thout decomposition. 
GLC of de r iva t i ve products of CPFA have been proposed as 
30 primary methods. Coleman had concluded t h a t t he method 31 
adopted by Raju and Reiser was unsa t i s f ac to ry and t h a t 
32 t h e method of Schneider ^ a l was appropr ia te only a t 
high l eve l of CPFA. The CPFA c o n t e n t s are su i tab ly modi-
33 f l ed chemically by hydrogenation or by reac t ion with 
34 35 
mereaptans or s i l v e r n i t r a t e i n methanol and non-
hydroxy so lven t s (such as a c e t o n i t r i l e or acetone e t c . ) 
Loveland jejt ^ i have analysed cyclopropenoid f a t t y ac id 
methyl e s t e r s by HPLC. Spectroscopic methods such as IR 
and H-NMR have been t r i e d f o r q u a n t i t a t i o n of CPFA, but 
a r e of l i t t l e p r a c t i c a l importance. 
Epoxv Fatty Acids : 
The oxygenated f a t t y acid conta ining epoxy groups 
occur natura l ly i n seed o i l s from more than 70 s p e c i e s 
37 38 
of about 15 p lant f a m i l i e s . Krewson and Earle r e -
viewed the l i t e r a t u r e an epoxy seed o i l s . The f i r s t 
epoxy ac id , c i s - 1 2 . 1 3 - e o o x v - c i s - 9 - o c t a d e c e n o i c ( v e r n o l i c ) 
39 
acid was d iscovered by Gunstone in Vernonia anthe lmint i ca 
(Compositae) seed o i l . The isomer of t h i s ac id , coronar i c 
(£ is -9 ,10-epoxy-£JLa-12-octadecanoic) acid has been r e p o r -
ted from the seed o i l of Chrysanthemum coronarium ^ . 
These two epoxy a c i d s are s t r u c t u r a l l y r e l a t e d t o t h e 
l i n o l e i c ac id . A s a t u r a t e d epoxy s t e a r i c (c is -9 .10-eDOXY-
octadecanoic) acid was reported in the seed o i l of 
Traaopaaen p o r r i f o l i u s by Chisholm and H o p k i n s ^ , w h i l e 
41 Tulloch found i t i n t h e spores of Lvcopodiuiif. The t r a n s 
isomer of t h i s ac id was i s o l a t e d and c h a r a c t e r i z e d by 
Vioque '^ ^ from the seed o i l of Oruia ( o l i v e o i l ) . 
Spencer reported, i±) c i s - 1 2 . 1 3 - e p o x y - c i s - 6 . c i s - 9 -
octadecadienoic a c i d {2%) and (±) c i s - 1 2 . 1 3 - e p o x v - t r a n s - 6 . 
£ i jS-9-octadecadienoic (,lA%) from the seed o i l of C r e p s i s 
convzae fo l l a ( c o m p o s i t a e ) . A C2Q homologue of v e r n o l i c 
ac id named alchonic [ ( + ) c i s - l 4 . 1 5 - e p o x y - c i s - l l - e i c o s e n o i c 1 
8 
acid has been Isolated from Ale home a cordlf o l la seed o i l 
by Kleiman si. al . The co-occuxence of epoxy acids» c i s -
9, lO-epoxystearic acid and cis-9.10-eDOXv-cis-12-octadece-
45 
noic was ident i f ied by Mikolajozak and co-workers in 
46 Helianthus annus seed o i l . In our laboratory , a new 
epoxy acid^cis'-3.4-eDoxv-cis-l l-octadecenoic acid (17.4?i) 
was i so la ted from the seed o i l of Vernonia roxburahii along 
with vernolic acid (56.89(). Mucuna orurita (Legominosae) 
was a lso found to contain vernolic acid (4^) and the pre -
viously unidentified trans isomer {1%, cis-12.13~eDOxv~ 
trans-9-octadecenoic ac id) . Similarly» in our laboratory 
48 the seed o i l s of Mycyna prVffjLen^ > Hafr^ §9V? nUiljMJi^* 
49 50 
a. esculentus , Abelomoschnus moschatus-^. Kiaelia 
Dinnata. Cosmos sulohureus^ » Maiva svlvestris^^ and 
53 Leonurus s ib ir icus have been found to contain epoxyoleic 
acid in varying amounts. Seed o i l of Vernonia vQlkamej^ia^-
54 f o l i a has been found t o be a rich source of vernolic 
ac id . In addition to the old l i t e r a t u r e , recently some 
new seeds have been exploited for epoxy fatty acids in 
d i f ferent proportions. The percentage of vernolic acid 
was found to be 6.1 in S^^S^XA f i s t u l a l i n ^ ^ , 4.45li in £ . 
reainaera alongwith cyclopropenoid fa t ty acid. I t has 
been reported that Lag^rgUo?"^ thomsonii and Bauhinica 
tomentosa seed o i l ^ contained vernolic acid (7.35IS, b»Q%)» 
Trace amounts of epoxy and hydroxy f a t t y acids in Cassia 
57 anaust i fo l ia were detected by Sajid Hussain and c o -
58 
workers. I t has been found that Vernonia alamensis 
i s a rich source of vernolic acid that contained £ i i - 1 2 , 
13-eDoxv-cis-9-octadecenoic acid, 79-81?i. Three new 
epoxy acids such as 15,16-epoxy-9,12-octadecadienoic, 
9, lO,epoxy^-octadecanoic acid have a lso been reported in 
59 Lesquerella seed o i l along with some hydroxy ac ids . 
Detection and I s o l a t i o n of Eooxv Fattv Acids x 
TLC i s the best technique to detect epoxy fa t ty ac ids . 
A direct TLC g ives spots of lower Rf value indicating the 
presence of epoxy f a t t y acid due to i t s greater p o l a r i t y . 
Qual i tat ive ly , the compound with epoxy groups are revealed 
on the TLC plate by p icr ic acid . 
e i s and trans isomers of epoxy acids expect at 2 , 3 
pos i t ions may also be separated by TLC . The mono epoxy 
has greater mobility than the corresponding diepoxy comp-
ound on TLC. Reverse phase TLC for separation of epoxy 
acids i s also poss ib le on the basis of chain length and 
number of functional groups in the chain. Argentation TLC 
i s also used in methanol ^or resolving the epoxy ac ids . 
10 
using s i l i c a gel impregnated with s i l v e r n i t r a t e , 
Argentation TLC i s a l s o helpful in the separation of epoxy 
f a t t y acids according t o the number of double bonds in 
the chain Iwigth. The spectroscopic techniques v i z . , ER, 
NMR and mass are he lpful in ascertaining the structure of 
epoxy acids. The IR spectra of epoxy acid es ters show 
two characteristic bands for epoxy function at 840 and 
826 cm" • NMR i s a l so informative to characterize - ' 
epoxy acids. For most isomers the epoxy protons g ive a 
s igna l around d 2.7 (c i s -eoox ide) or 2 .65 ( trans-eooxide) . 
though these values change s l i gh t ly when epoxide group 
i s near to the ester or u-methyl group . Mass spec tro -
photometry i s also an exce l l ent too l for the structure 
determination of long chain epoxy ac ids . The i n t e r p r e -
t a t i o n of mass spectra of epoxy acids i s so s tra ight 
forward that the locat ion of epoxide and double bond can 
be confirmed eas i ly . GLC has been proved to be a very 
powerful tool for the detect ion and estimation of epoxy-
f a t ty acid. Gunstone ejt, ^ have sumarrized the GLC 
behaviour of c i s and trans epoxy e s t e r s . Emken found 
that trang epoxides have shorter retent ion time than c i g 
isomers. GC-MS also g i v e s a powerful method for the study 
of epoxy es ters . 
11 
Hydroxy Fattv Acids : 
Both animal and vegetable f a t s comprise a 
wide distribution of hydroxyl function bearing f a t t y 
63 6 4 
ac ids . Downing and Markley has reviewed these 
naturally occuring hydroxy f a t t y ac ids . Castor o i l of 
the family Euphorbiaceae i s the only hydroxylated vege -
tab le o i l available at present as commercial commodity 
containing D-(-f)-12-hydroxy-octadec-cis--9-enoic ( r i c i n o -
l i c ) acid^^ (90%). In our laboratory Siddiqui^^ ^ i ^ 
reported 84.33^ r i c ino l e i c acid in Hiotaae benoalensis 
(Malpighiaceae). Small amount of r i c i n o l e i c acid has 
a l so been reported in the seed o i l of Phvllanthus 
h irur l (Euphorbiaceae) and Nvmphaea s t e l l a t a (Nymphaea-
ceae) . Plattner e^ al have a lso reported the presence 
of legquirol ic acid with a trace of new fatty acid, 16-
hydroxydocos-cis-lG-enoic acid in the seed o i l of 
Hetioohila amolexicaulis. In t h i s laboratory a new 0 -
hydroxyolef inic acid, 9-hydroxvoctadec-cis-11-enoic acid 
70a 
was reported in the seed o i l of Plantaoo ma lor • Ahmad 
et a l isolated a new hydroxy dienoic acid from the 
seed o i l of Mira'?3.;;8 IdlaCA-
12 
71 A saturated hydroxy (9-hydroxydodecanoic) acid , a 
72 
dihydroxy (9,14-dihydroxyoctadecanoic) acid , a C^^ non-
v i c i n a l 1,3-dihydroxy and 11,13-dihydroxy tetracos-itaHS." 
9-enoic) acid and y-hydroxydienoic (8-hydroxyoctadec-
\ 74 
c i s - 1 1 . c is -14-e ienoicJ acid have been reported. A new 
acid , 15-hydroxyhenicosanoic acid has been reported from 
75 / 
Egyptian henbane . Recently* a-kamlolenic C18-hydroxy-
octadec-c i s -9 . t r a n s ~ l l . trans-13- tr ienoic) acid has been 
76 
reported from Trewia nudiftorn seed o i l . A non-conju-
gated hydroxydiene, densipol ic (l2-hydroxy oc tadec -c i s -9 . 
c i s -15-dienoic) acid has been reported by Smith £i. ^ in 
77 78 
the species of Lesouerella densioi la • i . dens io i l a 
seed o i l also contained a couple of mono hydroxy ac ids . 
79 
Kleiman ^ ^ reported non-conjugated hydroxy diene 
acid in the seed o i l of l^, auriculata. Smith and Wolft 
have reported a very unusual hydroxy t r i e n e acid a-hydroxy 
l ino len ic (2-hvdroxy-octadec-cis-9. c i s - 1 2 . c i s - 1 5 - t r i e n o i c ) 
acid in Thymns vulgaris seed o i l . The hydroxy ace ty len ic 
f a t t y acids are also as numerous as hydroxy o l e f i n i c acids 
in the seed o i l s . They have been reported in various 
81 82 
plant families i . e olacaceae » compositae and s a n t a l a -
ce^e . Miller and co-workers i so la t ed a number of 
13 
oxygenated acetylenlc acids (8-hydroxyoctadec-10-12-diynoic 
and 8-hydxoxyoctadec-17-ene-10,12-diynoic acid) from the 
84 seed o i l of Onaokea aore. Usnea a l iohat ica and U, 
ftA 
meridensis seed o i l s have been reported to contain very 
unusual hydroxy acid, a-(15-hydroxy-hexadecyl) i taconic 
acid and 3,4-dicarboxy-3-hydroxy-19-oxoeicosanoic acid, 
r e s p e c t i v e l y . Strophanthus (9-hydroxy-octadec-£^-12-
enoic) acid, an isomer of r i c i n o l e i c acid was f i r s t repor-
ted by Gunstone in the seed o i l of Strophanthus sarmento-
sus (Apocyanaceae). Strophanthus acid, a lso named as 
r i c i n o l e i c acid, was found in high amount in the seed o i l 
of Holarrhena antidvsenterica (Apocynaceae) . In addit ion 
to the above mentioned l i t e r a t u r e , recent ly some new seeds 
have been exploited which contain hydroxy fatty ac ids , such 
as rec ino le i c acid has been reported in seed o i l of 
Vincarosea (Apocynaceae) by Gag e^ al . Trace amount 
oo 
of hydroxy fat ty acid has also been found in Acacia arabia 89 and Cassia laevigata . The hydroxy acid present in 
Lesqurella seed o i l included a C-22 homologue of l e sque-
r o l i c ( l6-hydroxy,i2-docosenoic) acid and 15,15-dihydroxy 
tr icosenoic acid. I t has been reported that Lesauere 
fendler i (Cruciferae) contained hydroxy fatty (14-hydroxy 
£ l A - l l , £ i i - e i c o s e n o i c ) and (14-hvdroxv-cis-17-^icosadi~ 
\ 91 
enoic) ac id . Kallappam has reported the co-occurance of 
14 
12-hydroxyoctadec-c i§- '9-enoic ac id , 7 - ( 2 - o c t a c y c l o p r o p e n e -
l - y l ) h e p t a n o i c acid and 8 - ( 2 - o c t a c y c l o p r o p e n e - l - y l ) o c t a -
noic acid i n Anoaiessus l a t i f o l i n seed o i l . 
D e t e c t i o n and Charac ter i za t ion : 
Hydroxy acid can be detec ted q u a l i t a t i v e l y by d i r e c t 
TLC. Ervthro and threo isomers of dihydroxy ac ids are 
re so lved by using s i l i c a g e l impregnated wi th s i l v e r 
92 93 
n i t r a t e or boric ac id . Adsorption column chromato-
graphy has been s u c c e s s f u l l y used f o r the s e p a r a t i o n of 
saturated from unsaturated hydroxy f a t t y a c i d s . The com-
p lex ion chromatography separates the hydroxylated l i p i d s 
according t o the number, p o s i t i o n and c o n f i g u r a t i o n of 
hydroxyl groups on borate impregnated adsorbent s . The 
separat ion of hydroxy f a t t y ac ids from non-hydroxy f a t t y 
ac ids as t h e i r methyl e s t e r s by TLC was f i r s t d e s c r i b e d 
94 by Vioque and Holman . GLC i s a very powerful t o o l f o r 
the d e t e c t i o n and e s t i m a t i o n of hydroxy a c i d s . The hydro-
xyl group can be marked by methyl i o d i d e and s i l v e r n i t r a t e , 
a c e t y l a t i o n , t r i m e t h y l s i l y l a t i o n (TMS) or t r i f l u o r o a c e t y -
95 l a t l o n , HPLC has been s u c c e s s f u l l y employed f o r the 
separat ion of hydroxy f a t t y ac ids . Reversed-phase 
system has claimed l e t t e r r e s u l t s and use of s i l v e r i on t o 
15 
enhance t h e separat ion has a l so been r e p o r t e d . S p e c t r a l 
method l i k e IR, NMR and MS are very much he lp fu l In 
a s c e r t a i n i n g the s t ruc ture of hydroxy a c i d s present i n 
the o i l . GC-MS has a l s o been appl ied t o the d e t e c t i o n of 
97 hydroxy f a t t y acids . 
16 
The keto fa t ty acids of plant or ig in (Table- l ) are 
a rather heterogenous group with no unifying features 
other than possession of one carbonyl group. Thus for , 
no fat ty acid with more than one ketone function has been 
discovered. The c l a s s i c a l keto fat ty acid, a - l i can ic 
acid, i s a g lyc: - -^e const i tuent in O i t i c i c d seed o i l . 
98 Brown and Furmer were the f i r s t to recognize that a-
l icanic acid i s a /^,-oxo-octadeca-9,11-13-trienoic acid. 
99 Morell and Davis prepared the Diels-Alder adduct of 
a - l i canic acid and made observations compatible with i t s 
presently accepted structure as the u-oxoderivative of 
o-e leostearic acid. This formulation was confirmed by 
100 Gunstone and Subbarao . Like a -e leos tear ic and other 
conjugated tr ienoic ac ids , a - l icanic acid i s readi ly i s o -
merised to a ^-isomer in which a l l three double bonds 
have the trans conf igurat ion. Similarly o i t ic i t ta o i l 
shares the drying and f i l a forming properties of tung o i l . 
Two keto acids have been reported by Gunstone and Subba-
rao , from seed o i l s of Chrvsobalanus icaco (Family: 
17 
Rosaceae) one was characterised as llcanlc acid and other 
an unknown keto acid. These workers have shown that the 
acid Is 4-oxo-derlvatlve of a-parlnarlc acid and that the 
two have Identical stereochemistry of double bond. Llcanlc 
acid Is commonly found In Rosaceae* Euphorblaceae and 
Cruclfereae families. Smith has reported the presence 
of three keto fatty acids with unusually long carbon chain 
In the seed oil of Cuspidaria oterocarba. Blanonlaceae 
103 These acids, characterised by Smith have C^., C^f^ and 
^28 structures, respectively. The most abundant of the 
three Is the C2^  acid. 
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PhosDhollDlds : 
The term 'Phospholipid* denotes many lipid which 
yields phosphoric acid as a hydrolysis product* Natu-
rally occuring phosphorous containing lipids are widely 
distributed in plants and animals. The phosphoglycerides 
or glycerophosphatid es are found in all plant and animal 
tissues* and in microorganisms» glycerol-containing gly-
colipids are almost entirely plant and bacterial lipids. 
Although they are soluble in most polar organic solvents, 
phosphoglycerides are generally in soluble in acetone and 
this property is often used to separate them from glyco-
lipids and single lipids. The occurence and properties 
105 
of phospholipids have been reviewed • 
Naturally Occuring Phospholipids : 
Phosphatidic acid or l,2-diacyl-Sn-glycerol-3-phos-
phate occurs in very small amount in animal and plant 
tissues, yet it is extremely important biosynthetically 
as it is the precursor of all other phosphoglycerides and 
20 
of t r ig lycer ides . Phosphatidic acid i s strongly ac idic 
and i s often i so lated from t i s sues in the form of a 
mixed sal t so that i t may be necessary to prepaare a s ing le 
sa l t form to f a c i l i t a t e i t s puri f icat ion . 
Phosphatidyl choline (Pc) : 
Phosphatidyl chol ine (VI) commonly termed l e c i t h i n 
i s more often abundant phosphoglycerides in animal 
t i s sues and i s general ly a major l ip id component of plant 
t i s sues and of microorganism. I t i s a non-acidic l i p i d 
and on hydrolysis y i e l d s choline together with the normal 
phosphoglyceride components. They are present in trace 
amounts in plants . 
Phosphatidyl ethanolamine : 
Phosphatidyl ethanolamine (VII), once again the 
t r i v a l name cephalin, i s the second most abundant c l a s s 
of phosphoglycerides and i s present in the large quant i -
t i e s in animal and plant t i s sues and i s frequently the 
major l ip id c lass in bacteria . It i s a non-acidic l i p i d 
and on hydrolysis y i e l d s ethanolamine (1 mol) g l y c e r o l 
(1 mol), fat ty acid (2 mol) and phosphoric acid (1 mol) . 
21 
Phosphatidyl inositides : 
Phosphatidyl inosltal (VIII) is a common constituent 
of anifflal» plant and bacterial lipids. All the compoundB 
of this type are derivatives of the optically inactive 
form of inositol, myoinositol. The chemistry and bio-
chemistry of these compounds have been reviewed • The 
phosphoinositides are strongly acidic and are usually 
isolated in association with cations such as those of 
magnesium or calcium. 
Phosphatidyl serine : 
Phosphatidyl serine (Xl) is a major compound of 
brain and erythrocytes lipids and is found in small 
quantities in most animal and plant tissues and in 
bacteria. It is a weakly acidic lipid and on hydrolysis 
yields L-serine together with the normal phosphoglyce-
rides component. They are usually isolated as potassium 
salts but may also contain calcium, sodium or magnesium 
ion. 
22 : 
CH -^OOCR* 
I 2 
R"-COO-CH ^ 
1 8 
CH^-0-P-O-H 2 I 
R*»-COO-CH 
I 
CH2-00CR' 
O II / " 3 
CH2-O-P-CH2-CH2 -N-CH3 
\ 
CH, 
(V) (VI) 
Phosphatidic acid Phosphat idyl c h o l i n e 
CH2-00CR' 
R*'COO-CH ^ 
I U 
CH2-O-P-O-CH2-CH2-TH, 
R*«-COO-CH 
I 
CH^-OOC-R» 
I ^ H 
O II 
CH2-O-P-O 
O OH 
(VII) ( V I I I ) 
Phosphat idyl ethanolamlne Phosphat idyl I n o s i t o l 
R*«-COO-CH Q 
I II 
CH«-0-P 
.COOH 
2 - ^ ? - < ^ - < ^ - ^ ^ 
(XI) 
Phosphatidyl ser ine 
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A lo t of work has been done on phospholipids of 
var ious seeds. Recent ly , some new seeds have been 
exp lo i t ed for t h e i r phosphol ipid composition. The 
phospholipid con^osi t ion of some non - t r ad i t i ona l seeds 
107 has been carr ied out by Kulkarni e l Ai i " which they 
found t h a t each c l a s s of seeds contained a la rge number 
of ethanolamine (309(). The phospholipid f r ac t ions of 
s ix seed o i l s of the Malvaceae family have been i s o l a t e d 
108 by s i l i c i c acid chromatography by Sehan Fiad . Thin 
l aye r chromatography of t h e s e phospholipid f r ac t ions 
revealed tha t the common phosphat ides were cepha l ln , 
l e c i t h i n , phosphatidyl c h o l i n e . The composition of 
t he se seed phospholipids was determined in th ree s p e c i e s 
109 
of xerophytic cucu rb i t s by Goodman and J.W. Berry 
Al l th ree species contained phosphat idyl chol ine , p h o s -
p h a t i d y l ethanol amine and phosphat idyl i n o s i t a l as 
t h e i r major components. Analyses of the phosphol ipids 
of palash (Butea monosperma), papaya (Carica papaya) , 
J a n g l i badam ( S t e r c u l i a f o e t i d a ) . Coriander (Coriandrum 
sativum) and ca r ro t (Oaucus ca ro ta ) were separated by 
Prashad and co-workers 
Phosphatidyl c h o l i n e , phosphat idyl ethanol amine 
and phosphatidyl i n o s i t o l were i d e n t i f i e d as major com-
ponent in a l l the seeds mentioned above. I t has been 
24 
reported that presence of excessive amount of phospho-
l ip id in palm o i l can resul t s in some refinery problems 
such as loss of o i l and loss of bleaching power of the 
bleaching earth, in t h i s connection S.H, Goh and c o -
workers studied the nature of the phospholipids in palm 
o i l and the ir poss ible e f f ec t s on the s t a b i l i t y and 
qual i ty of the o i l . 
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D i s c u s s i o n 
Tetrazines and the ir various analogues show many 
types of applications . Tetrazine skeleton possessing 
compounds have been recorded in l i t e r a t u r e as acari~ 
c idal^, herblcidal^*'^, insec t i c lda l^ , bacter ic idal^ 
4 5 and antimicrobial ' agents* These c l a s s e s of compounds 
have a lso been known as NMR-topography contact agents , 
7 photofading of organic coloured materials preventors 
p 
and electrophotographic photoreceptors • Tetrazines 
9 
are a lso associated with a n t l f e r t l l l t y and leukotriene 
antagonist a c t i v i t i e s . 
A number of compounds containing nitrogen atoms in 
the ir side chains are used c l i n i c a l l y t o treat a var ie ty 
11 12 
of cancers part icularly leukemia , L1210 leukemia , 
13 14 15 
melanoma and lyi^honoma ^»-^ .^ Lung carcinoma and 
breast cancer * . Fatty acid products have also e x h i -
bited antitumor a c t i v i t y against P 388 Lymphocytic 
17 leukemia in mice • 
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Although tetrazines are known for long, the recent 
l i t era ture shows l i t t l e a c t i v i t y in the search for syn-
t h e s i s of these compounds from fat ty materials . Reactions 
of fa t ty acids with modern reagents such as thiocarbo-
hydrazide can be expected t o f ind application in the 
synthesis of tetrazines that heretofore have been d i f f e -
cu l t to prepare. The introduction of heteroatoms ( n i t r e 
gen and sulpher) in the f a t t y acid chain w i l l enhance the 
a c t i v i t y and alter the character of the parent ac id . 
Treatment of thiocarbohydrazide with methyl 12-oxo 
clis-9-octadecanoate (X) in equiraolar quantity afforded 
(XI) as a major product which contained a cycl ic r ing at 
^g~^lQ9 d minor product (XII) was also obtained which 
showed the presence of ring at C,^ ^^^ isomeric addit ion 
of thiocarbohydrazide at the double bond (Cn-C,^). 
(Scheme- 1) . 
The compound (Xl) was found to have a conqsosition 
^20^38'^4*^2^' Instead of an IR band for C-12-oxo group 
in the region of 1700 cm~ , i t s spectrum showed several 
diagonostic bands at 3125 (NH), 1540 (C-N) and 1230, 
1180 cm"^ (CS-NH, (NH)2C=S) which suggested the p o s s i b l e 
incorporation of hexahydrothioxotetrazine nucleus at C^^* 
Two prominent bands were a lso observed at 1740 cm" 
(COOCH3) and 3020 cm'^ due t o weak (H-C=C). ^Ml-spect^uln 
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showed a D^ O exchangeable unresolved broad s igna l at 
5 .3 - 5 . 4 d (4xHN) 
I t s four protons i n t e g r a t i o n and presence of a two 
o l e f i n i c proton s i g n a l at 5 . 0 d i n d i c a t e d the c y c l i c 
nature of (XI) , The o ther s i g n i f i c a n t s i g n a l s were at 
3 . 5 d ( s , 3H, COOCH3), 2 . 0 d ( t , 2H, ^*^CH2-), 1.5 d(m, 2H, 
-CH^- and 2H, CH^a- t o e s t e r c a r b o n y l ) , 1.25 d(br , s , 
chain CH2) and 0 . 9 5 a ( t , 3H, terminal CH3), 
Mass of (XI) showed molecular ion peak at m/z 398 . 
Two a -c l eavage i o n s a t m/z 313 and 201 e s t a b l i s h e d t h e 
presence of hexahydroth ioxote traz ine moiety at C,2 
(Scheme--i). On t h e b a s i s of aforementioned s p e c t r a l 
s t u d i e s the s t r u c t u r e ass igned t o product (XI) was methyl 
h e x a h y d r o - 3 - h e x y l - 6 - t h i o x o - l , 2 , 4 , 5 - t e t r a z i n e - 3 - m e t h y l e n e -
c i s ~ 9 decenoate . 
Elemental a n a l y s i s of (Xll") has shown C21H44N8S2O2 
as i t s molecular formula. I t s IR spectrum showed no car<-
bonyl band except e s t e r carbonyl a t 1740 cm" . The 
o ther s t ruc ture r e v e a l i n g bands were observed at 3425 
(NH2)f 3100-3140 ( b r , m), 1535 (C-N) and 1230, 1160 cm""^  
(CS-NH, (NH)2 C=S). NMR spectrum of the compound (XI) 
showed absence of two o l e f i n i c proton s i g n a l . A four 
4 0 
proton D^ O exchangeable unresolved broad s i g n a l at 5 , 3 -
3 , 4 d was assigned t o 4 hJH of h e x a h y d r o t h i o x o t e t r a z i n e 
(C,^)* A broad s i g n a l at 5 . 1 - 5 . 3 d which disappeared 
on D^O shake, was due t o isomeric a d d i t i o n of t h i o c a r -
bohydrazide at o l e f i n i c carbons (C^ and C , Q ) . Other 
s t r u c t u r e reveal ing s i g n a l s were p r e s e n t at 3 . 6 d ( s , 3H, 
COOCH3), 3 .0 (m, IH, CH-H)» 1.5 (m, 2H-^^CH2- and 2H; 
CH^ a to e s t e r c a r b o n y l ) , 1.2 d(cha in CH2) and 0 , 9 5 ( t , 
3H, terminal (CH3)). 
Mass of (XII) showed no molecular i o n peak at m/z 504 
but highest ion peak was observed at m/z 445 (M-59) • 
Mass ion at m/z 419 and 201 ( a - c l e a v a g e ) f i x e d t h e p o s i -
t i o n of hexahydrothioxotetrazine r i n g (Cj,^). I someric 
a d d i t i o n of the reagent was e s t a b l i s h e d by mass peak at 
m/z 229/333 and 275/171 (Scheme- ^) • The s t ruc ture of 
(XII) was assigned as methyl h e x a h y d r o - 3 - h e x y l - 6 - t h i o x o -
l , 2 » 4 , 5 - t e t r a z i n e - 3 - m e t h y l e n e - 9 ( l O ) - N-th iocarbohydra-
z i d e )decanodte. 
The product (XH) was obtained i n high y i e l d ( 70%) 
when three fo ld excess of the reagent was used and t h e 
r e a c t i o n was conducted f o r 10 hrs at room tenqperature. 
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A s imi la r r eac t i on of methyl cis-9.12-eDOXv o c t a -
decanoate (XIII) with equimolar amount of th iocarbohydra-
z ide produced only one product (XIV) ^^^^^^^"^ ^^' 
The reac t ion mixture did not respond p i c r i c acid 
TLC t e s t for the presence of epoxy group. This product 
was analysed for C2QH^QN^02S. 
I t s IR spectrum showed bands a t 3100 (NH), 1525 
(C-N)» 1230 and 1140 (CS-hH, (NH2)2C=S) and 1735 cm"^ 
f o r Q^XXM^, 
NMR-spectrum of the compound showed two s t r u c t u r e 
r e v e a l i n g s igna l s : 5 .5 d(brr s, 4xHNt D^O exchangeable) 
and 2 .8 d(m, 2H, 2xCH-N). Normal f a t t y e s t e r s i gna l s 
appeared at 3.6 d ( s , 3H, COOQi^^* 1»S (^°>» 2H, methylene 
a - t o e s t e r carbonyl ) , 1.2 d(chain CH2) and 0.95 ( t , 
t e rmina l CH^). The presence of a four proton DJD excha-
ngeable s igna l ind ica ted the cyc l i c na ture of (XIV). 
Mass of (XIV) showed molecular ion peak at m/z 400 . 
Two a -c leavage ion peaks at m/z 287 and 243 showed t h e 
l oca t i on and nature of the r i n g at CQ-C.Q (Scheme- ^) • 
These evidance favour t h e compound (XIV) as methyl h e p t a -
hydro-3-oc ty l -7 - th ioxo l ,2>5»6- te t raz ine -4 ' -oc tanoa te . 
. 4 2 
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I so la t ion of r i c ino le i c acid from Ricinus communis : 
Freshly extracted Ricinus communis (Euphorbiaceae) 
seed o i l was saponified with a lcohol ic KOH and removal 
of the unsaponif iable matter, the soap solution was 
decomposed with AO^ H^SO ,^ The l iberated mixed f a t t y 
18 
acids were partioned according t o Gunstone between 
l i g h t petroleum and 80Jli methanol. The hydroxy acid 
present in each metbanolic layer was co l l ec ted and most 
of the alcohol was removed under reduced pressure and 
extracted with ether, and dried over sodium sulphate. 
After evaporation of the solvents the residue was further 
purif ied by column chromatography using petroleum : ether 
(92:8 , v/v) to give 12-hydroxy c is-9-octadecenoic acid 
( r i c ino le i c ac id) . 
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Preparation of methyl 12 -oxo-c l§ -9~oc tadecenoate : 
Methyl e s t e r of 12-hvdroxv-c i s -9-octac iecenoic ac id 
was prepared by us ing CH^ CH/H"*", Conversion of methyl 
l 2 -hydroxy-c i^ -9 -oc tadecenoate in t o methyl 12-oxo-£i&~ 
9-octadecenoate (X) was carr ied out by pyridium d i c h r o -
mate (PDC) by o x i d a t i o n . PDC was prepared according t o 
Coreys method. PDC ( 1 , 2 5 gram) was added t o a w e l l 
s t i r r e d s o l u t i o n of methyl 12-hvdroxy~c i s -9 -oc tadecenoate 
(2 gram) in 50 ml of DMF and s t i r r e d for 10 mipute? at 
0°C. Yie ld of (X) was 893i. 
Preparation of ci^-9.10—epoxvoctadecanoic acid : 
Two grams of c ^ s - 9 . 1 0 - o c t a d e c e n o i c acid and two 
grams of metachloroperbenzoic acid were taken i n a round 
bottom f l a s k with 5 ml chloroform and kept s t i r r i n g f o r 
one hour. The r e a c t i o n mixture was checked by p i c r i c 
acid TLC which g i v e s a p o s i t i v e t e s t f o r epoxide format ion. 
F i l t x a t i o n of the mixture and ex trac ted with e ther 
washed with 10% sodium sulphate and then ^% aqueous 
sodium biocarbonate produced des ired product. 
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Prepara t ion of methyl c is -9 . lO-epoxvoctadecanoate : 
The methyl e s t e r was prePered by t r a n s e s t e r l f i c a t i o n 
p r o c e s s . One gram of 015-9.10-epoxYOctadecanolc ac id in 
50 ml of absolute methanol t h a t contained sodium metho-
xide ( 0 , 5 N ) . The r e a c t i o n mixture was refluxed fo r 20 
minutes and kept at room temperature for 4 hours. Af te r 
a c i d i f i c a t i o n with a c e t i c acid the methyl e s t e r was 
ex t r ac t ed with d i e t h y l e t h e r . 
Reaction of methyl 12-0X0-0is- '9-octadecenoate (X) with 
thiocarbohvdrazide : 
Thiocarbohydrazide (222.6 mg, 2 . 1 m mol) in a c e t i c 
acid (2 ml) was added in 30 minutes a t room tenf>erature 
t o a s t i r r e d so lu t ion of methv1-12-oxo-cis-9-octadece-
noate (620 mg> 2 m mol) in e thanol (10 ml) . The r e a c t i o n 
was monitored by TLC immediately a f t e r the complete a d d i -
t i o n of th iocarbohydraz ide . TLC showed three spo r t s : 
unreacted oxoester , major product (XI) and a minor 
product (XI I ) . The r e a c t i o n mixture was worked up with 
water , sodium biocarbonate {5%) and water . Drying of the 
organic phase with sodium su lpha te and evaporation 
49 : 
afforded a semi s o l i d r e s i d u e . The components were 
r e s o l v e d by column chromatography ( S i 0 2 ) . The unreacted 
o x o e s t e r was e luted with 5% d i e t h y l e t h e r in petroleum 
e t h e r . Further e l u t i o n s resolved products (XT) and(xri)Elu-
t i o n with 10% d i e t h y l e ther in petroleum afforded a 
semi s o l i d material which f a i l e d a l l attempts of c r y -
s t a l i z a t i o n . 
Yield : 735^ 
A n a l y s i s : Found : C=60.26; H = 9 . 6 ; N = 14Jli 
Ca l . f o r C2QH3gN^02S : C=59.8; H » 9 . 2 ; N = 14.056. 
Product (XII) : E l u t i o n with 50% d i e t h y l e ther i n 
petroleum ether gave (XII) in powder 
form. 
Yield : 10? ,^ M.P. 131-133**C 
A n a l y s i s . Found : C=49.97; H = 8 . 7 8 ; N = 22,19?^ 
Cal . f o r C2iH^Ng02S2: C=49.1; H = 8 . 2 ; N = 22.19%. 
React ion of methyl cJ^-9- lO-epoxyoctadecanoate (XII) 
wi th thiocarbohvdrazidfe : 
Methyl cls-9.10-'eDOxyoctadecanoate (XII I , 624 mg, 
2 m mol) was t reated with thlocarbohydrazlde (222 .6 mg. 
: SO : 
2 . 1 m mol) in the same way as descr ibed above. P u r i f i -
c a t i on of s ingle product (XIV) was ca r r i ed out by column 
chromatography (Si02) in 1Q3U d i e t h y l e the r in petroleum 
e t h e r . The product (XIV) was o i ly which did not c r y s t a -
l i z e . 
Yield'87?^, a l i t t l e amount of unreacted product was 
a l so recovered in 2% d i e t h y l e t h e r and petroleum e t h e r -
Yie ld : 87% 
Analysis : Found : C=59.9; H=10.0; N=13.93{ 
C a l . for C2QH^QN402S : C=59.0; H=10.0; N=13.45li. 
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